Evidence for an aldehyde intermediate in the catalytic mechanism of thiamine oxidase.
Thiamine oxidase catalyzes the four-electron oxidation of the 5-hydroxyethyl group of thiamine to form thiamine acetic acid via an aldehyde intermediate. Evidence for the formation of this intermediate is derived from a number of kinetic approaches. The rate of thiamine acetic acid formation, as monitored by the rate of proton release, is subject to substrate inhibition and to inhibition by the presence of semicarbazide while the rate of O2 consumption (due to thiamine oxidation to the aldehyde and subsequently to the carboxylic acid) is unaffected. The transient formation of an intermediate with a maximal absorption at 370 nm in stopped-flow turnover experiments is dependent on the pH and the substrate concentration, and is prevented by the presence of semicarbazide, thus suggesting this transient absorption intermediate to be a result of formation of the aldehyde intermediate. A similar spectral intermediate is observed when hydroxythiamine is the substrate but is not observed with pyrithiamine. In the presence of large concentrations of pyrithiamine, the enzyme undergoes an irreversible inactivation which is not reversed on removal of pyrithiamine or its oxidation products by gel filtration or dialysis. This inhibition is prevented by the presence of thiols or of semicarbazide and is suggested to be due to the release of the aldehyde form of pyrithiamine from the catalytic site, which then reacts with the enzyme in a nonspecific manner. The structure of the 370-nm-absorbing intermediate is currently unknown but is suggested not to be the "yellow form" of thiamine. This suggestion is due to observed differences in absorption spectral properties and to the fact that it can also be formed from hydroxythiamine, which does not form the "yellow form" of thiamine on alkaline treatment. Taken together, these data suggest that, at or below saturating concentrations, thiamine remains bound to the catalytic site during the two sequential two-electron transfer steps, with 2 mol O2 being reduced to 2 mol H2O2. At high concentrations (greater than 10 Km), the intermediate thiamine aldehyde can be displaced from the catalytic site by thiamine simply by a mass-action effect.